INTRODUCTION
Filamentous bacterial viruses are simple models for studying processes of molecular assembly. The viruses consist of a closed loop of single-stranded DNA (6000-7500 nucleotides) encapsulated in a sheath of several thousand identical major coat protein subunits. These molecules are of low molecular weight consisting of about 50 ami no acid residues (for a review, see ref.l).
The ends of the viral filament are distinguished by the presence of a few copies each of one or more minor coat proteins (2-6) .
Two structural classes have been defined on the basis of X-ray fiber diffraction patterns of the virions (7) (8) (9) . Class I includes the F-specific filamentous bacterial viruses Ff, the N-specific virus IKe and the I-specific virus Ifl. They all have Escherichia coli as their host. Class II includes 13) . The DNA of these viruses reveal a mutual homology of about 97%, clearly indicating that they are derived by mutation from a common ancestor.
Although the nucleotide sequence of the IKe genome shows a great divergence from that of the Ff group (overall homology 45%) (14) , our data nevertheless indicate unambiguously that also IKe and the Ff viruses have evolved from a common ancestor {of. 15). Whether the class II viruses, with their different host requirements, DNA compositions and probably also different phage assembly processes, are also descendants from this common ancestor is still very speculative.
With these considerations in mind we have initiated a study towards the structural and genetic organisation of the Pf3 genome. A different genetic organisation might underlie a different process of phage assembly at the host cell membrane. The Ff viruses have a large number of their major coat protein subunits inserted into the membrane. These molecules subsequently displace the DKA-binding proteins from their intracellular complex with DNA # during assembly and transport of the virus out of the cell. The major coat proteins of the Ff virus group are all synthesized in the infected cell in a precursor form (17, 18) . Concomitant with deposition into the inner cellmembrane a leader peptide of 23 N-terminal amino acid residues is cleaved off (18, 19) . A similar but not identical precursor-membrane protein relationship has recently been found for the other E.ooli viruses IKe (14) and Ifl (D.Hill s G.B.Petersen, personal communications) and the P.aeruginosa virus Pf1 as well (unpublished data), suggesting that all filamentous viruses are similar in this fundamental aspect.
In this study we present the nucleotide sequence of the major coat protein gene of Pf3 and its adjacent signals for transcription and translation. Our results demonstrate that the major coat protein of Pf3, though of low molecular weight (44 amino acid residues), is not synthesized in a precursor form, indicating that deposition of this protein into the host cell membrane is determined by structural parameters different from that of the other filamentous viruses. After incubation for 6 hours at 37 C, cells were harvested by centrifugation and the Pf3 phage particles were concentrated from the supernatant by the addition of PEG-6000 and NaCl to final concentrations of 5% and 0.5 M, respectively. Phages were further purified by CsCl density gradient centrifugation in 5 mM sodium borate, pH 9.0 (21).
MATERIALS AND METHODS

Materials
Pf3 Replicative Form DNA (RF) was isolated from infected cells essentially as described by Humphreys et al. (22) and subsequently purified by two successive CsCl density gradient centrifugations.
In vivo labelling of PfZ baateriophage8
To obtain S-labelled Pf3 coat proteins a fre3h plaque was resuspended in 10 ml of M9-medium containing MgCl-instead of MgSO. (23) . When the cul-35 ture entered the early log phase 1 mCi of S-sulphate was added and the incubation was continued overnight at 37°C. Subsequently, the labelled Pf3 viruses were isolated and purified as described above.
In vitro Protein synthesis and Analysis of the Products
The procedures for the preparation of the DNA-dependent cell-free protein synthesizing system of E.coli and the techniques for SDS-polyacrylamide gel electrophoresis and fluorography have been described previously (24) .
Molecular cloning and DNA sequencing techniques
Restriction enzyme cleavage maps were constructed as described previously (25) . Cloning of isolated restriction fragments in the phage vectors Ml3mp8 and Hl3mp9 (26) was by standard methods. Sequencing of the DNA inserts was carried out according to the dideoxy chain-termination method developed by Sanger et al. (27) using an 18 bases-long sigle-stranded universal primer.
Nucleic acid sequences were analysed using the computer programs written by Staden (28) . Protein hydrophoblcity was calculated according to Kyte and Doolittle (29) . Previously we have demonstrated that the major coat protein of Ml3 is synthesized both in vitro as well a3 in vivo as a precursor molecule with an extra leader-or signal sequence of 23 amino acid residues at its aminoterminal end (11, 18 12.6-&7-
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generally whether this is a general property of filamentous viruses, we have investigated the major coat protein synthesis in more detail. For this purpose, protein synthesis studies were carried out in a coupled transcriptiontranslation system of E.aoli which was programmed by the replicative form I DNA of Pf3. As shown in Fig. 2 , the genome of the V.aeruginoea phage Pf3 is expressed efficiently in the E.coli cell-free system. At least eleven polypeptides ranging in size from 4500 to about 50,000 are formed of which the smaller polypeptides are the most predominant. A similar pattern, in which particularly the products of genes V and VIII are most abundantly present, has also been obtained during our studies on the in vitro synthesis of the proteins encoded by the replicative form DNAs of phage M13 an IKe (14, 17, 30) (cf. Fig. 2 ). The 9kD protein encoded by Pf3 RF co-migrates on the SDS-poly acrylamide gel with one of the major Pf3 encoded polypeptides synthesized in the infected cell that preferentially binds to single-stranded but not to double-stranded DNA (data not shown). The 4.5 kD protein co-migrates exactly with the major coat protein present in Pf3 virions.
To obtain evidence whether the latter two polypeptides are identical, and thus whether they are products of the game gene, we have studied Pf3 RFdlrected in vitro protein synthesis in the presence of the H-labelled amino acids tyrosine, proline and cysteine, which we knew from our amino acid Pf3 RF were established (Fig. 4) . Subsequently, the gene coding for the major coat protein was localized with the aid of restriction fragment directed in vitro protein synthesis studies (17, 24) . The major coat protein gene was found to be located on the smallest fragment obtained after cleavage of fragment Thal-B with ffindlll (Fig.4) . This fragment, which is about 410 basepairs long, was then subcloned in the phage vectors M13mp8 and M13mp9 which had been digested with both Eindlll and Smal. The nucleotide sequence was established by the dideoxy chain-termination sequencing technique (27) using an 18 bases long universal primer. The deduced nucleotide sequence of the Pf3 major coat protein gene is presented in Fig. 5 . genes several long stretches of mutual sequence homology were noted which la consistent with our conclusion that these DNA genomes, though diverged considerably, are derived from a common ancestor (14, 15) . No regions of homology were found, however, between either one of these E.aoli phages and Pf3 suggesting that Pf3 virus is derived from an independent ancestral virus.
Interesting structural homology is noted 3' ward of the major coat protein gene. Immediately distal to gene VIII of the filamentous phages a transcription termination signal is located, consisting of a G-C rich region which has the potential to form a stable stem-loop structure followed by a string of T-residues (14, 36, 37) . A nucleotide sequence with For the F-specific filamentous viruses it has been demonstrated that within the major coat protein a "stop-transfer" sequence is present which, after partial vectorial discharge of the nascent polypeptide through the inner cell membrane, is responsible for anchoring of this coat protein molecule in the membrane. This stop-transfer signal consists of a region of approximately 18 hydrophobic amino acids followed at its carboxy-terminal end by several charged residues (38, 39) . Inspection of the Pf3 coat protein sequence indicates that also in this molecule a region with similar characteristics and probably identical function is present (Fig 7) . Which 
